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[0001] This application claims the benefit of Korean Patent Application No. 2000-85007, 
filed on December 29, 2000, which is hereby incorporated by reference as if fully set forth 
herein. 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

[0002] The present invention relates to liquid crystal display devices. More particularly it 
relates to liquid crystal display devices implenting in-plane switching (CPS) where an electric 
field to be applied to liquid crystals is generated in a plane parallel to a substrate. 

CO 

[ ; 10 Discussion of the Related Art 

[0003] A liquid crystal display device uses the optical anisotropy and polarization properties 
fy of liquid crystal molecules to produce an image. Liquid crystal molecules have a definite 

Q orientational alignment as a result of their long, thin shapes. That orien ational alignment can 

h- 

be controlled by an applied electric field, hi other words, as an applied electric field changes, 
1 5 so does the alignment of the liquid crystal molecules. Due to the optic* .1 anisotropy, the 
refraction of incident light depends on the orientational alignment of th i liquid crystal 
molecules. Thus, by properly controlling an applied electric field a des red light image can be 
produced. 

[0004] Of the different types of known LCDs, active matrix LCDs (AM -LCDs), which have 
20 thin film transistors and pixel electrodes arranged in a matrix form, are :he subject of 
significant research and development because of their high resolution and superiority in 
displaying moving images. 



2 
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[0005] LCD devices have wide application in office automation (OA) squipment and video 
units because they are light and thin and have low power consumption characteristics. The 
typical liquid crystal display (LCD) panel has an upper substrate, a low er substrate and a 
liquid crystal layer interposed therebetween. The upper substrate, commonly referred to as a 
5 color filter substrate, usually includes a common electrode and color filters. The lower 
substrate, commonly referred to as an array substrate, includes switching elements, such as 
thin film transistors (TFTs) and pixel electrodes. 

[0006] As previously described, LCD device operation is based on the principle that the 
alignment direction of the liquid crystal molecules is dependent upon £n electric field applied 

10 between the common electrode and the pixel electrode. Thus, the alignment direction of the 
liquid crystal molecules is controlled by the application of an electric f eld to the liquid 
crystal layer. When the alignment direction of the liquid crystal molec ties is properly 
adjusted, incident light is refracted along the alignment direction to display image data. The 
liquid crystal molecules function as an optical modulation element having variable optical 

1 5 characteristics that depend upon polarity of the applied voltage. 

[0007] FIG 1 shows a conventional LCD device. The LCD device 11 includes an upper 
substrate 5 and a lower substrate 22 with a liquid crystal layer 14 interposed therebetween. 
The upper substrate 5 and the lower substrate 22 are commonly referred to as a color filter 
substrate and an array substrate, respectively. Within the upper substrate 5 and upon the 

20 surface opposing the lower substrate 22, a black matrix 6 and a color filter layer 8 are formed 
in the shape of an array matrix and include a plurality of red (R), green (G), and blue (B) 
color filters so that each color filter is surrounded by corresponding portions of the black 
matrix 6. Additionally, a common electrode 18 is formed on the upper substrate 5 to cover 
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the color filter layer 8 and the black matrix 6. hi the lower substrate 22 and upon the surface 
opposing the upper substrate 5, a thin film transistors (TFTs) "T" are lbrmed in an array 
matrix corresponding to the color filter layer 7. A plurality of crossing, gate lines 13 and data 
lines 15 are positioned such that each TFT "T" is located adjacent to each crossover point of 
the gate lines 13 and the data lines 15. Furthermore, a plurality of pixel electrodes 17 are 
formed on a pixel region "P" defined by the gate lines 13 and the data lines 15 of the lower 
substrate 22. The pixel electrode 17 includes a transparent conductive material having good 
transmissivity such as indium-tin-oxide (ITO) or indium-zinc-oxide (IZO), for example. 
[0008] In the LCD device 11 of FIG. 1, a scanning signal is applied to a gate electrode of the 
TFT "T" through the gate line 13, while a data signal is applied to a source electrode of the 
TFT "T" through the data line 15. As a result, the liquid crystal molecules of the liquid 
crystal layer 14 are aligned and arranged by operation of the TFT "T," and incident light 
passing through the liquid crystal layer 14 is controlled to display an image. 
[0009] As described above, since the pixel and common electrodes 17 and 18 of the 
conventional LCD device are positioned on the lower and upper substiates 22 and 5, 
respectively, the electric field induced between them is perpendicular to the lower and upper 
substrates 22 and 5. The described liquid crystal display device has advantages of high 
transmittance and a high aperture ratio. Furthermore, because the common electrode 18 on 
the upper substrate 5 acts as a ground, the liquid crystal is shielded from static electricity. 
[0010] However, the conventional LCD device having the longitudinal electric field has a 
drawback in that they have a very narrow viewing angle. In order to sc lve the problem of 
narrow viewing angle, in-plane switching liquid crystal display (TPS-LCD) devices have been 
proposed. The IPS-LCD devices typically include a lower substrate where a pixel electrode 
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and a common electrode are disposed, an upper substrate having no ebctrode, and a liquid 
crystal interposed between the upper and lower substrates. A detailed explanation about 
operation modes of a typical IPS-LCD panel will be provided referring to FIGs. 2 and 3 A to 
3D. 

5 [0011] As shown in FIG. 2, lower and upper substrates 30 and 32 are spaced apart from each 
other, and a liquid crystal layer 10 is interposed therebetween. The lower and upper 
substrates 30 and 32 are often referred to as an array substrate and a color filter substrate, 
respectively. On the lower substrate 30 are a pixel electrode 34 and a common electrode 36. 
The pixel and common electrodes 34 and 36 are aligned parallel to each other. On a surface 

10 of the upper substrate 32 is a color filter layer 42 that is commonly positioned between the 

pixel electrode 34 and the common electrode 36 of the lower substrate 30. An overcoat layer 
44, which protects the color filter layer 42, is formed on the color filter layer 42. A voltage 
applied across the pixel and common electrodes 34 and 36 produces an electric field 35 
through the liquid crystal "LC." The liquid crystal "LC" has a positive dielectric anisotropy, 

15 and thus it aligns parallel to the electric field 35. An edge sealant 40 i 3 formed around the 
edges of the lower and upper substrates 30 and 32, and bonds the upper substrate 32 to the 
lower substrate 30 to prevent leakage of the liquid crystal "LC". 

[0012] FIGs. 3 A to 3D conceptually help illustrate the operation of a c onventional IPS-LCD 
device. When no electric field is produced by the pixel and common electrodes 34 and 36, 
20 i.e., off state, as shown in FIGs. 3 A and 3B, the longitudinal axes of the LC molecules "LC" 
are parallel and form a definite angle with the pixel and common electrodes 34 and 36. For 
example, FIG. 3B shows a common angle of 45 degrees between a line that is perpendicular 
to the pixel and common electrodes 34 and 36 and the longitudinal axes of the LC molecules. 
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[0013] On the contrary, when an electric field is produced by the pixe and common 
electrodes 34 and 36, i.e., on state, as shown in FIGs. 3C and 3D, because the pixel and 
common electrodes 34 and 36 are on the lower substrate 30, an in-plane electric field 35 that 
is parallel to the surface of the lower substrate 30 is produced. Accorc ingly, the LC 
molecules "LC" twist to bring their longitudinal axes into coincidence with the electric field. 
Thus, as shown in FIG. 3D, the LC molecules align with their longituc inal axes parallel with 
a line perpendicular to the pixel and common electrodes 34 and 36. 

[0014] In the above-mentioned EPS-LCD panel, there is no common e ectrode on the color 
filter substrate. Furthermore, since the above-mentioned IPS-LCD panel has the pixel 
electrode and the common electrode on the array substrate, it uses the Darallel electric field to 
the array substrate. 

[0015] Now, referring back to FIG. 2, the overcoat layer 44 is formed an the color filter layer 
42 to cover and protect the color filter layer 42. Further, the edge sealant 40 is formed around 
the periphery of the IPS-LCD panel. Although the black matrix is not shown in FIG. 2, it is 
formed on the upper substrate 32 surrounding the color filter layer 42. Because the EPS -LCD 
device produces the in-plane electric field 35, the black matrix should oe made of an organic 
substance and not a metallic material in order to prevent the distortion of the electric field. 
[0016] Furthermore, there are some problems in the edge sealant 40 and the overcoat layer 44. 
In general, a number of ions are contained in the edge sealant 40. As lime passes, these ions 
migrate into the liquid crystal layer 10 after the LCD panel is complete. In other words, since 
the edge sealant 40 is formed of a epoxy-based resin that has a great water resistance, the 
edge sealant 40 includes sodium ions (Na + ), chlorine ions (CI"), potassium ions (K + ) and/or 
fluorine ions (F"), and these ions flow out as time passes. As these ions migrate through the 
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liquid crystal layer 10, they deteriorate the liquid crystal layer 10 and a:t to cause serious 
defects therein, thereby shortening life of the liquid crystal layer 10. 

[0017] Moreover, the color filter layer 42 contains a number of ions, bat the overcoat layer 44 
prevents these ions from coming out from the color filter layer 42. Ho *vever, the overcoat 
5 layer 44 also contains a number of ions. The ions in the overcoat layei 44 also migrate into 
the liquid crystal layer 10 as time passes, thereby accelerating the deteiioration of the liquid 
crystal layer 10. Since the overcoat layer 44 is commonly made of an acryl-based resin, this 
overcoat layer 44 contains sodium ions (Na*), potassium ions (K + ), iroa ions (Fe 2+ /Fe 3+ ), 
aluminum ions (Al 3+ ), etc. 

10 [0018] When the liquid crystal layer contains ions as described above, the driving voltage 
used to create the electric fields in the liquid crystal during operation of the liquid crystal is 
changed because of the presence of these ions. Accordingly, quality o:"the liquid crystal 
panel display degrades as the liquid crystal panel is used over time. 
[0019] To overcome the display degradation caused by the migration of ions into the liquid 

15 crystal, an auxiliary line is used in a non-display area of the array subslrate. FIG. 4 is a partial 
plan view of an array substrate illustrating a conventional in-plane swi .ching mode liquid 
crystal display device that has such an auxiliary line. As shown in FIG . 4, the array substrate 
is divided into a pixel area "A" and a non-pixel area "B". 

[0020] In the pixel area "A", a plurality of thin film transistors (TFTs) "T", a plurality of 
20 pixel electrodes 36 and a plurality of common electrodes 34 are arranged. Additionally, 
pixels "P" including the pixel electrodes 36 and common electrodes 3^- are arranged in the 
pixel area "A." On the other hand, an electrostatic discharge device 31. and an auxiliary line 
38 are arranged in the non-pixel area "B". Furthermore, a plurality of c ata lines 40 are 
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perpendicularly arranged in both the pixel area "A" and the non-pixel arsa "B". Each data 
line 40 is connected to each data pad 42 in the non-pixel area "B". 

[0021] Within the configuration shown in FIG. 4, the auxiliary line 38 receives a signal that is 
applied to the common electrodes 34, such that the ions flowing from ths edge sealant 40 and 
5 overcoat layer 44 are trapped by the auxiliary line 38. The electrostatic discharge device 32 
between each pixel "P" and each data pad 42 is disposed at a distance of about 160 
micrometers from the pixels "P." The electrostatic discharge device 32 also discharges the 
static electricity occurring during the manufacturing processes. Although not shown in FIG. 4, 
repair lines and other lines for electric circuits are also arranged in the non-pixel area "B". 

10 [0022] Further in the array substrate shown in FIG. 4, although the patterned metal of the 

electrostatic discharge device 32 may not receive the electric signals, the patterned metal may 
have an induced potential when the patterned metal is exposed to the electric field. 
Therefore, the liquid crystals are deteriorated and the induced potential causes and accelerates 
the dielectric polarization of the liquid crystals. Further, the induced po .ential accelerates the 

15 polarization of impurities included in the liquid crystal layer. Accordingly, the liquid crystal 
molecules are misaligned in the array substrate and the image quality of the LCD device 
degrades. Namely, the polarization caused by the induced potential directly affects the 
arrangement of the liquid crystal molecules in the pixel area "A" and thus causes the 
degradation of the display quality. 

20 
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SUMMARY OF THE INVENTION 
[0023] Accordingly, the present invention is directed to an array substn.te for a liquid crystal 
display device that substantially obviates one or more of the problems due to limitations and 
disadvantages of the related art. 
5 [0024] An advantage of the present invention is to provide a liquid crystal display device 
having a stable image display. 

[0025] Another advantage of the present invention is to provide an arra^ substrate for a liquid 
crystal display device, which has a structure that prevents a liquid crystal layer from being 
deteriorated. 

10 [0026] Additional features and advantages of the invention will be set tbrth in the description 
which follows and in part will be apparent from the description, or may be learned by practice 
of the invention. The objectives and other advantages of the invention will be realized and 
attained by the structure particularly pointed out in the written description and claims hereof 
as well as the appended drawings. 

15 [0027] In order to achieve these and other advantages, an embodiment n accordance with the 
principles of the present invention provides an array substrate for a liquid crystal display 
device that includes a substrate that is divided into a display area and a non-display area; a 
plurality of pixels in the display area; a plurality of switching devices o i the substrate, each 
switching device disposed in each pixel; first and second lines that apply signals to each 

20 switching device; a plurality of first electrodes on the substrate, each fust electrode connected 
to each switching device; a plurality of second electrodes on the substn.te, each second 
electrode spaced apart from each first electrode; a plurality of electrostatic discharge devices 
arranged in the non-display area, wherein each electrostatic discharge device is at a distance 
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of more than one pixel pitch; a plurality of pads arranged in the non-disp ay area; a plurality 
of first connecting lines each connecting each pixel to each electrostatic discharge device; and 
a plurality of second connecting lines each connecting each electrostatic discharge device to 
each pad. 

5 [0028] In the above-mentioned arrays substrate, the switching device includes a thin film 
transistor, the first line includes a gate line, the second line includes a dal a line, the first 
electrodes include a pixel electrode, and the second electrodes includes a common electrode. 
:| [0029] The above one pixel pitch ranges from 1 millimeter to 1.5 millimeters. Each pad is at 
- intervals of 1 to 2.5 millimeters from each electrostatic discharge device. Beneficially, each 
}0 first connecting line receives signal voltage of inverted phase. 

[0030] The above-mentioned array substrate further includes an auxiliary line that connects 
the plurality of electrostatic discharge devices and receives a signal appli 3d to the second 
electrode. 

[0031] It is to be understood that both the foregoing general description and the following 
15 detailed description are exemplary and explanatory and are intended to p -ovide further 
explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWING 
[0032] The accompanying drawings, which are included to provide a fur her understanding of 
20 the invention and are incorporated in and constitute a part of this specification, illustrate an 
embodiment of the present invention and together with the description serve to explain the 
principles of that invention. 
[0033] In the drawings: 

10 
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[0034] FIG. 1 is the configuration of a conventional liquid crystal display (LCD) device; 
[0035] FIG. 2 is a cross-sectional view illustrating a conventional in-plaie switching mode 
(IPS) LCD device; 

[0036] FIGs. 3A to 3D illustrate the operation of the device of FIG. 2; 

[0037] FIG. 4 is a partial plan view of an array substrate illustrating a cooventional in-plane 

switching mode liquid crystal display device; and 

[0038] FIG. 5 is a partial plan view illustrating the periphery of an array substrate for use in 
an in-plane switching mode liquid crystal display device according to the present invention. 

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
[0039] Reference will now be made in detail to an illustrated embodiment of the present 
invention, an example of which is shown in the accompanying drawings. Wherever possible, 
similar reference numbers will be used throughout the drawings to refer 1 o the same or similar 
parts. 

[0040] FIG. 5 is a partial plan view illustrating the periphery of an array substrate for use in 
an in-plane switching mode liquid crystal display (IPS-LCD) device according to the present 
invention. As shown in FIG. 5, the array substrate is divided into a displ iy area "C" (i.e., a 
pixel area) and a non-display area "D" (i.e., a non-pixel area). 

[0041] In the display area "C", a plurality of thin film transistors (TFTs) T" and a plurality 
of pixels "P" each including pixel electrodes and common electrodes are arranged. A 
plurality of electrostatic discharge devices 132 and an auxiliary line 138 are arranged in the 
non-display area "D". Furthermore, a plurality of data pads 144 are arranged at the periphery 
of the non-display area "D." A plurality of first connecting lines 140 eac l connecting each 

11 
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pixel "P" to each electrostatic discharge device 132 are then arranged in Ihe non-display area 
"D." A plurality of second connecting lines 142 are arranged between tr e electrostatic 
discharge device 132 and the data pads 144 such that each respective second connecting line 
142 connects each respective electrostatic discharge device 132 to each respective data pad 
5 1 44 in the non-display area "D." 

[0042] Within the configuration shown in FIG. 5, the auxiliary line 138 receives a signal that 
is applied to the common electrodes of the pixel "P." The plurality of electrostatic discharge 

p devices 132 in the non-display area "D" are arranged essentially further away from the display 
area "C." In other words, each electrostatic discharge device 132 is at a c istance of 1 to 1 .5 

J jjO millimeters (mm) from each pixel "P" of the display area "C". The intervals between the 

electrostatic discharge devices 132 and the pixels "P" should be so far ttu.t the liquid crystals 

fy in the display area "C" are not affected by any induced potential occurring in the electrostatic 

P discharge devices 132. Additionally, the size of the non-display area "D ' is quite 

considerable to leave a space between the electrostatic devices 132 and the pixels "P." 
15 [0043] Still referring to FIG. 5, each data pad 144 is at intervals of about 1 to about 2.5 

millimeters (mm) from each electrostatic discharge device 132. Although not shown in FIG. 
5, other peripheral electric circuits and lines are also at almost equal distances from the 
electrostatic discharge devices 132 to the data pads 144. This interval (i.e., about 1 to about 
2.5 mm) is defined in due consideration of the effect of the induced potential and the size of 

20 the non-display area "D," as described above. 

[0044] As a result of the configuration shown in FIG. 5, any induced potential and electric 
field do not affect the liquid crystal molecules in the display area "C" eve l though these occur 
in the electrostatic discharge devices 132 and other peripheral electric circ uits and lines. 
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Furthermore, if the induced potential and electric field are generated and ;ause accelerating 
the polarization of the liquid crystal molecules, the induced potential and electric field are 
obstructed in an offset area "E" because each connection line 140 receives the signal voltage 
of inverted phase. Namely, since the electrostatic discharge devices 132 ire at the distance of 
5 about 1 to 1 .5 mm, which is more than the pixel pitch, and the offset area "E" is formed in the 
interval between the pixels "P" and the electrostatic discharge devices 132, the induced 
potential and electric field occurring in the electrostatic discharge devices 132 and other 

ill 

Q peripheral electric circuits and lines do not affect the display in the display area "C." 

W| [0045] Accordingly, the reliability of liquid crystal display device increas es, and the lifetime 

sjiO of liquid crystal layer is lengthened. Also, the stained image and dummy pixel are not 

U presented in the periphery of the LCD panel, thereby increasing the disph y quality of the 

fll 

FS I liquid crystal display device. Furthermore, this structure and configuration of the present 

m 

P invention can be adopted not only in the IPS-LCD device, but also in the Dther types of LCD 
devices. 

1 5 [0046] It will be apparent to those skilled in the art that various modifications and variation 
can be made in the array substrate of the present invention without departing from the spirit 
or scope of the invention. Thus, it is intended that the present invention cover the 
modifications and variations of this invention provided they come within the scope of the 
appended claims and their equivalents. 

20 
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